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ABSTRACT 
An investigation into the ability of four inorganic coagulants namely; alum (Al2(SO4)3.18H2O), ammonium aluminum 
sulphate (NH4Al(SO4)2.12H2O), ferrous sulphate (FeSO4) and ammonium ferrous sulphate (NH4)2Fe(SO4)2.6H2O) in 
clarifying wastewater was examined. Results obtained from conventional standard ‘jar-test’ experiments indicated that 
alum was the most effective coagulant since it reduced turbidity of the wastewater to 0.64 NTU at a contact time of 300 
min. Ferrous sulphate was the least effective coagulant, reducing turbidity of the wastewater to 3.45 NTU only at 240 min 
contact time, but when the contact time of the experiment was increased from 240 to 300 min, re-coloration of the solution 
was observed indicating re-stabilization of suspended particles. These findings tend to support the claim that alum is a 
choice coagulant for wastewater clarification.    
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1.0 INTRODUCTION 
The need for clean quality water is increasing all the time; hence the aesthetic quality of water has become an essential 
priority for water treatment plants. Coloration in water is an indication of the presence of organic substances, including 
humic and fulvic acids, some bacteria forms, and natural metallic ions (1). All waters (surface and ground waters) contain 
dissolved and suspended particles. The dissolved particles impact color to the water, while suspended matter vary 
considerably in composition charge, particle size, shape and density. Smaller particles are kept in suspension (stabilized) 
by action of physical forces resulting from the surface charge present on the particles. Negative charges predominate in 
most suspended solids This is the sole reason why suspended particles remain suspended (colloidal/nonsettleable) rather 
than clump together and settle out of the water. 
Coagulation/flocculation is a process that removes colloid and nonsettleable solids from water and wastewater. Since 
colloids have a negative charge, it is expected that a positively charged coagulant will neutralize the negative charge 
during the coagulation process, while in the flocculation process, particles are drawn together by Van der Waals forces 
forming flocs that settle out of the water due to gravity. The proper type and concentration of coagulant are essential to the 
coagulation process. The condition of the water treatment plant is an important factor to consider when selecting the type 
of coagulant to be used. However, the coagulant’s concentration depends on the water conditions.  
Alum (Al2(SO4)3.18H2O) has been demonstrated to have relatively high coagulating power since its trivalent state is 
capable of destabilizing negative charges of colloids present in water effectively (2). Evidence has been accumulating to 
suggest that by adding 150 mL
-1
 of alum at a contact time of 20 min, clarification of wastewater was improved to about 
90% (3). El-Gohary (4) compared the effectiveness of alum, ferric chloride (FeCl3), and ferrous sulphate (FeSO4) in 
treating wastewater and concluded that alum produced higher natural organic matter removal compared to FeCl3 and 
FeSO4. Related studies by Verma et al. (5) and Kushwaha et al. (6) had documented evidence showing that FeCl3 and 
FeSO4 were also effective in clarifying petrochemical and dairy wastewaters. Inorganic metal salts have been noted as 
established coagulants in water and wastewater treatment. Several studies (7), (8), (9), and (10) have observed that 
FeCl3(7), alum (8),(9) and combination of Al/Fe (III) salts (10) are effective in removing dissolved organic matter, humic 
substances, and color-causing natural organic materials from wastewaters. In further studies, Kim and Kang (11) revealed 
that FeCl3 was effective as a coagulant in studying coagulation mechanism and flocculation dynamics in wastewater 
treatment. The study observed that measurement of flocculation dynamics by assessing the rate of change in total particle 
number concentration of the coagulant provided reliable indication on complete charge neutralization under 
adsorption/destabilization conditions. Kim and Kang (11) further proposed that Fe (III) salts are receiving attention as 
alternative coagulants to alum for wastewater treatment due to several reasons among which is the concern of aluminum 
build-up in treated water as well as better Fe (III) coagulation efficiency at low water temperature and more efficient 
removal of organic matter by Fe (III) salts than alum. Changes in Fe (II) and Fe (III) salts contents in test solution as a 
result of coagulation when turbidity level was investigated revealed that the lowest concentration of total Fe levels was 
observed following application of optimal coagulant doses, but high coagulant doses led to increase in total Fe levels in all  
test solutions, indicating that increase in total Fe content might have been due to redox reactions (12). Samrani et al. (13) 
reported extensively on the use of FeCI3 and polyaluminum chloride (PAC) as chemical coagulants in removal of turbidity 
in sewage sludge. The study noted that an efficient turbidity removal was achieved with both coagulants, though, using the 
aluminum based coagulant at lower optimum dosage, higher re-stabilization concentration of the suspension was 
observed.  
Attempts have been made to examine the effectiveness of FeCI3 as coagulant in treating beverage industrial wastewater. 
According to Amuda and Amoo (14), percentage removal of natural organic matter was 91%, achieved by addition of 300 
mg/L of FeCI3. In a separate study, (11) observed that FeCI3 was more efficient than PAC in treating petrochemical 
wastewater. Based on results obtained of ‘jar test’, the authors concluded that varying the pH of the test solution did not 
significantly affect color removal of the wastewater. In addition to these recognized studies, a growing body of literature 
have been reporting on the effectiveness of alum (16),(17) and other forms of chemical coagulants such as calcium oxide 
(18), combination of alum and FeCI3 (19), silicates (20) as well as electrocoagulation (21) in wastewater treatment. 
The aim of the present study was to evaluate and compare the effectiveness of four inorganic coagulants namely: alum 
(Al2(SO4)3.18H2O), ammonium aluminum sulphate (NH4Al(SO4)2.12H2O), ferrous sulphate (FeSO4) and ammonium 
ferrous sulphate (NH4)2Fe(SO4)2.6H2O) in turbidity removal in storm-water runoff. 
2.0 Materials and Methods 
2.1 Sample preparation 
The wastewater used in this experiment was prepared by mixing 1 kg of muddy soil with 2 L of tap water. This was done to 
simulate a wastewater type similar to storm-water runoff. The mixture was stirred thoroughly at 65 rpm using a centrifuge 
(MC5415C, Akson Scientific Instrument, Akwa, Nigeria) for 10 min and allowed to stand for 1hr. Debris and particles were 
removed by screening and filtration through a 10 mm mesh sieve and the supernatant decanted into a 5 L beaker. The pH 
of the mixture was adjusted to 8.0 using a pH meter (PHS 25, Shanghai. Xinrui Instrument, China) by adding NaOH/HCI 
as appropriate. This mixture was used as the stock solution. 
2.2 Coagulation/flocculation experiment   
The experiments were all done by applying conventional ‘jar test’ method. All the experiments were carried out at room 
temperature. One litre (1L) of the stock solution was measured into a 2L beaker and 10 g of alum was weighed and added 
to the stock solution in the 2L beaker. The mixture was stirred repeatedly with a centrifuge at 150 rpm for 5 min (quick 
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agitation phase for hydrolysis) until the coagulant dissolved completely. The mixture was left to stand for 30 min and 
stirred again repeatedly for 10 min at 20 rpm (slow agitation phase for floc growth) and allow to settle for 30 min. After 
settling, about 10 ml of the supernatant was siphoned with a syringe from about 25 mm below the surface of the mixture 
and residual turbidity of the mixture determined using a turbidimeter (WGZ-IB, Shanghai Xinrui Instruments, China). Three 
repeations were performed and the mean turbidity value obtained. This procedure was repeated every 30 min for 5hr. 
However, the entire procedure was repeated using NH4Al(SO4)2.12H2O, FeSO4 and (NH4)2Fe(SO4)2.6H2O salts, 
respectively. 
3.0 Results 
Table 1: Turbidity values of various coagulants at different contact times 
Contact 
time  




Mean(NTU) ± SD 
       FeSO4 
Mean(NTU) ± SD 
(NH4)2Fe(SO4)2.6H2O 
Mean(NTU) ± SD   
30 20.00 ± 0.1 19.98 ± 1.2 18.92 ± 1.0 20.00 ± 0.1 
60 18.05 ± 0.1 15.72 ± 0.1 18.14 ± 1.1 18.95 ± 0.2 
90  9.66 ± 0.0 13.00 ± 1.0 15.44 ± 0.1 15.74 ± 1.0 
120  9.19 ± 0.1 10.17 ± 0.1  8.53 ± 0.1 13.20 ± 0.1 
150  7.22 ± 0.1  8.32 ± 0.1  6.23 ± 0.2   8.75 ± 0.1 
180  5.33 ± 0.1  6.56 ± 0.1  4.26 ± 0.1  4.28 ± 1.0 
210  4.20 ± 0.2  4.45 ± 0.1  3.31 ± 0.2  3.98 ± 0.1 
240  3.68 ± 0.1  3.43 ± 0.1  7.46 ± 0.1  3.51 ± 0.1 
270  0.83 ± 0.0  2.93 ± 0.1 10.15 ± 0.1  3.33 ± 0.1 
300  0.64 ± 0.0  1.04 ± 0.1 15.20 ± 0.1  2.98 ± 0.1 
 
4.0 Discussion 
Coagulation/flocculation are two processes where by an addition of a positively charged ion of a metal salt results in 
particle destabilization, charge neutralization and agglomeration of colloids into visible floc masses to clarify wastewater. 
Wastewater clarification is a funtion of the extent of turbidity in the solution. Turbidity represent suspended particulate 
matter in solution. Two distinct fractions of suspended particulate matter exist in solution: a coarse fraction (1 mm to 1μm) 
and a colloid fraction (1 μm to 10 
o
A) (22). Conventional coagulation/flocculation treatment removes the coarse fraction, 
however, the colloid fraction can only be removed effectively by lowering the zeta potential between the floc and the 
colloids. The floc formed during the coagulation/flocculation process is of the same charge as that of the particles before 
treatment, hence, a mutual repulsion develops between the floc particles and the colloids (22). These repelling forces 
prevent the colloid from making contact with the floc and it is only by applying a proper dosage of an inorganic coagulant 
would the zeta potential be reduced, hence, floc aggregation of particles (23).  
Zeta potential is the potential difference between inter-phase substances. A knowledge of zeta potential is important to 
predict and control the stability of colloidal suspension (turbidity). The greater the zeta potential, the more likely the 
suspension will remain in a stable form. Nevertheless, conversion of stable dispersion to unstable state is achieved 
through destabilization, a process made possible by coagulation/flocculation (24). 
In Table 1, turbidity values of Al2(SO4)3.18H2O, NH4Al(SO4)2.12H2O, FeSO4 and (NH4)2Fe(SO4)2.6H2O coagulants are 
shown. It was observed that using Al2(SO4)3.18H2O coagulant, a decrease in turbidity value was noted as the contact was 
increased from 30 to 300 min (5hr). The best clarification of the wastewater was achieved at 300 min with a turbidity value 
of 0.64 NTU for Al2(SO4)3.18H2O coagulant. Equally at 300 min, 1.04 and 2.98 NTU were obtained as turbidity values for 
the best clarification of the wastewater using NH4Al(SO4)2.12H2O and (NH4)2Fe(SO4)2.6H2O coagulants, respectively. A 
general decrease in trend of turbidity value was noted for the above mentioned coagulants (Al2(SO4)3.18H2O, 
NH4Al(SO4)2.12H2O, and (NH4)2Fe(SO4)2.6H2O) as the contact time increased from 30 to 300 min. However, using FeSO4 
as coagulant, the best turbidity decrease (3.31 NTU) was observed at 210 min, but as the contact time was increased from 
210 to 300 min an increase in turbidity value was observed indicating re-coloration of the solution. 
Libecki and Dziejowski (25) in an earlier study had suggested that the presence of dissolved organic substances in the 
form of organic ferric complexes could be responsible for increase in solution coloring during application of FeSO4 as 
coagulant for clarifying wastewater. The authors are of the opinion that Fe (II) ions under-go redox reactions resulting in 
the production of Fe (III) ions which react with dissolved organic matter to form the organic ferric complex. This 
phenomenon impacts color to solutions. Furthermore, Chen et al. (26) had previously proposed that redox reactions take 
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place in standard coagulation test environment and the reaction is affected by several factors among which are; the type 
of organic substances present in the solution, the concentration of the organic substances in the solution, light intensity, 
oxygen content, and the time of solution mixing condition. The present study agree with the opinion shared by the above 
mentioned authors and concluded that the recoloration of the solution during the application of FeSO4 as coagulant was 
as a result of organic ferric complex formed by the oxidation of Fe (II) to Fe (III) ions in the test solution after the test 
solution has been mixed for some amount of time. In addition to the above, recoloration of the test solution in the present 
study may have resulted from restabilization of suspended particles due to increase in the zeta potential between the floc 
and the colloids. As previously mentioned, the zeta potential of the oxidized Fe (III) ions in solution may have led to charge 
reversal, where the particle charge of the repulsive forces remain high thereby restabilizing the suspension given rise to 
recoloration. While noting that Al2(SO4)3.18H2O was the best coagulant used in clarifying storm-water runoff among the 
four coagulants examined, the present study advocates for more research on the application of Fe (II) and Fe (III) salts in 
wastewater treatment to ascertain a full explaination of the effect recoloration and restabilization of suspended particles 
have on turbidity removal, and which of these salts is most effective in wastewater clarification.    
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